We present the measured photoionization yield of atomic hydrogen as a function of laser intensity for few-cycle pulses. Fits with exact ab-initio simulations produce better agreement than analytical theories and enable accurate intensity calibration.
I. INTRODUCTION
The interaction of intense few-cycle infrared laser pulses with matter is the fundamental process at the heart of attosecond and strong-field science [1] . Few-cycle laser pulses have been used to reveal and control the structure and dynamics of atoms [2, 3] , molecules [4, 5] and solids [6] . The complex, highly nonlinear dynamics that occur in the regime of few-cycle laser pulses necessitate accurate theoretical simulations in order to retrieve useful physical measurements and provide a sensible physical interpretation of the experimental data.
Strong-field ionization experiments involving atomic H have been previously performed in the pursuit of accurate quantitative comparison between simulations and experiment [7, 8] . The laser pulses used in these studies were relatively short-wavelength and comprised many optical cycles in duration. Agreement with theory was predominately qualitative and at the order-ofmagnitude level. Building on our earlier work, which obtained quantitative agreement at the 10% level between simulations and measurements of photoelectron spectra in atomic H [9] , we now extend this scheme to one of the simplest and commonly available observables in photoionization experiments, that of the total photoionization yield.
II. APPARATUS AND METHODS
The experimental apparatus consists of a few-cycle laser pulse interacting with an atomic H beam. The commercial laser system, Femtolaser "Femtolaser Compact Pro" produces linearly polarized light pulses at a repetition rate of 1 kHz. Each pulse has an energy of ~150 μJ and duration of ~6.0 fs centered at 800 nm, corresponding to ~2.3 optical cycles. An off-axis parabolic mirror is used to focus the beam to a spot size of ~43 μm or ~75 μm 1/e 2 radius, upon variation of the beam diameter. Adjustment of the focal volume allows us to measure the variation in yield at lower intensities through the increase in the laser-matter interaction volume. The laser intensity is consequently varied between 0.6 and 6 × 10 14 W/cm 2 using 2 μm pellicle beamsplitters, which impart negligible dispersion to the laser pulses.
The atomic H beam is created by collisional dissociation of H 2 into H via a radio frequency discharge powered by a helical resonator. This beam passes through a differential pumping stage to the experimental chamber where it is crossed with a few-cycle laser pulse at the interaction region of a time-of-flight mass spectrometer. Ions created by interaction with the laser field are accelerated by a field of ~250V/cm in a few mm. After acceleration, the ions temporally disperse according to their mass/charge ratio in a ~10cm long field-free flight tube. The ion yield is then recorded with a digitizer card which measures the anode current of a standard microchannel plate (MCP) detector assembly.
III. RESULTS AND DISCUSSION
The measured dependence of the atomic H yield as a function of laser intensity is presented in Figure 1 . This data has been fitted, using a least-squares method, to focal volume averaged results from direct integration of the non-relativistic time-dependent Schrödinger equation (TDSE), producing excellent agreement.
Fits of the same data to the commonly used analytical tunneling theory of Ammosov-Delone-Krainov (ADK) [11] produce a worse quality of fit; indicating a failure of such models to accurately describe the ionization in even the simplest atomic system, H, in the regime of few-cycle pulse ionization. The corresponding focal volume averaged predictions of ADK theory shown in Figure 1 . indicate that the ADK theory overestimates the ionization yield at high intensities where barrier suppressed ionization is dominant, and underestimates the yield at lower intensities, where multiphoton ionization is more predominant.
Fitting the atomic H yield data with ab-initio theory is Figure 2 we present the intensity dependent yield for molecular hydrogen. This data forms a benchmark set which can be used to develop and assess the accuracy of models used to predict the strong-field ionization of molecules. Fig. 1 . Measured Atomic hydrogen yield as a function of laser intensity using a 6 fs laser pulse. The intensity scale has been calibrated by a best fit of the measured yield, to the focal volume averaged result of abinitio TDSE simulations [10] . The dashed lines indicate the corresponding prediction of the focal volume averaged analytical ADK theory [11] . (a) Atomic H yield studied in the intensity range, 1.2 to 5.7 x10 14 W/cm 2 with a focal spot radius of ~45 microns (b) Atomic H yield studied in the range, 0.64 to 3.1 x10 14 W/cm 2 with a ~75 micron radius spot size. 
IV. CONCLUSIONS
We present the measured photoionization yield of atomic hydrogen for intense few-cycle pulses. The data is well fitted by the results of ab-initio simulations. The exact calculations fit the data better than the analytical theories in the studied few-cycle regime. This measurement scheme will allow us to accurately measure the intensity dependent yields for a number of complex atoms and molecules. Such datasets will enable an assessment of the relative accuracy of the theories used to predict ionization in these species.
